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The U. S. rubber and miscellaneous plastic products industry (a two-
digit Standard Industrial Code 30) is a manufacturing sector to which
little attention has been given, especially in terms of economic survey
of any type. Since 1981, there has been a noticeable decline in the
trend for labor utilization in this industry. Figure 1 shows the trend
between employment of production man-hours and the value of imported
rubber and plastic products in the U. S., which indicates that as importa¬
tion of these products rises over the years, the number of production
worker-hours employed in the industry declines. The importation of
rubber and plastic products is by no means the only determinants of
labor usage but unlike any other determinant, its effect is clearly
apparent.
The rubber and plastic industry is important and requires attention
because of the tremendous impact it has on the U. S. economy. This
industry is primarily engaged in the manufacturing of pheumatic casing,
innertubes, solid and cushion tires for all types of vehicles, airplanes
and farm equipment. Other types of its products include all rubber and




Objective and Significance of Study
This paper is an attempt to explain the two percent decline in the
number of production man-hours employed in the industry between 1981 and
1983. The aim here is to identify the determinants for the changes and
shifts in the industry's demand for production worker-hours.
From a clear understanding of the causes of these changes and shifts
in labor usage in the industry, some important policy issues which may
be of interest to firms in the industry and to the U. S. economy as a
whole, may be evolved and assessed. It is expected that this thesis
will also add to the scanty economic studies done in this industry.
Lastly, a sound understanding of labor issues in the industry could
be achieved from the theoretical build up as well as a statistical
estimation. Also, it is worth noting that a decline in employment or
labor usage in the industry may well be attributed to a shift in the
supply of labor as much as it can be as a result of a shift in demand
for labor. In fact, a neoclassical model assumes wages and employment
are determined by demand and supply. The theory is that demand is
determined by the marginal productivity of homogeneous units of labor.
Marginal productivity is determined by the contribution to total revenue
from selling the product of an added unit of labor. This becomes the
demand for labor (see Figure 2).
The marginal productivity (MP) curve slopes downward and to the
right because of diminishing returns as additional units of labor are
added. Under imperfectly competitive conditions, the MP curve also will
decline with additional units of labor because it is assumed that the
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output price must be lowered if these units are to be sold, whereas
under perfectly competitive conditions, it is assumed that the entire
output can be sold at existing prices. In the real world, conditions
exist between perfection and imperfection. No condition is ever perfect.
Since output prices are ever changing, there is no denying their obvious
effects on labor utilization. For this reason, throughout this paper,
it will be assumed that the industry is operating under conditions of
monopolistic competition. Also, it is assumed that factor supplies are
perfectly elastic since a two-digit standard industrial code (SIC)
industry "comprises a relatively small share of total demand for factor
services"^ in factor markets.
In Figure 3, employment is determined at equilibrium point A where
wages, W = marginal revenue product (MRP) and quantity supplied =
quantity demanded. At lower levels of labor utilization, additional
workers would contribute more to revenue than to cost (W < MRP). To
stimulate output demand, lower prices could be recommended. If output
demand is achieved, it would pay the industry to expand and employment
will expand. It is elected here to deal with the demand side of labor.
^R. N. Waud, "Man-hour Behavior in U. S. Manufacturing: A Neoclassical




TRENDS OF LABOR A AND IMPORTS OF RUBBER AND PLASTIC PRODUCTS B
Sources: Import figures were taken from various issues of Statistical
Abstract of the U. S. while production man-hours figures were
extracted from various issues of Census of Manufacturers.
-5-
FI6URE 2









Previous empirical investigations of labor utilization behavior in
the rubber and plastic industry have been scarce. It is not possible to
do a literature review without taking a cue from other studies on the
demand for labor in both the manufacturing and nonmanufacturing sectors.
Empirical studies regarding the relationship between labor usage
and the causes of how much of it is used are mixed. For example, most
economists agree that the demand for labor is derived from the demand
for its products, or simply from the production function of the industry.
But what they do not agree with is which explanatory variables should be
included in such a production function. This review will therefore high¬
light the relationship between past studies and this thesis in the
following areas:
1. How did the literature explain the special peculiarities of
the rubber and plastic industry as compared with those of
the other industries?
2. Special attention will be given to model specification and
their contents and the choice of explanatory variables used
in the analysis.
3. How the results of those studies compared with the results
obtained in this research.
In a broad term, the demand for labor has been analyzed in two
different ways. The first is the incorporation of labor input in the
2
analysis of production functions like the studies by Kendrick and
John W. Kendrick, Productivity Trends: Capital and Labor (Prentice




Bodkin. The second is an investigation of labor demand in manufacturing
industries jointly and severally, e.g., the study done by Waud.^ In
order to further explain the differences in the specifications and
results of some of these studies on the demand for labor, Hamermesh^
found it necessary to classify them according to their typology. These
classifications are: (a) marginal productivity condition on labor; and
(b) labor demand analysis with price of capital included in the production
function.
Briefs on the Different Classifications
The Marginal Productivity Condition on Labor; These studies are
generally based on certain modifications of the industry's labor demand
functions under profit maximization condition. The equations are used
to estimate demand for labor as a function of output and real wage.
These equations do not include other factor prices and therefore, achieve
just the estimates of own price elasticity of labor demand. The studies
using these equations to estimate labor demand as a function of output
and real wage do not include other factor prices and provide only
estimates of EL/EW/r, not EL/EW/qr, cross elasticity. Studies by
3Ronald 6. Bodkin, "Real Wages and Cyclic Variations in Employment:
A Reexamination of the Evidence," Canadian Journal of Economics 2 (August
1969):353-374.
^R. N. Waud, "Man-hour Behavior in U. S. Manufacturing: A Neo¬
classical Interpretation," Journal of Political Economy 76 (January-
February 1968):407-427.
^Ronald G. Hamermesh and Robert S. Smith, "Econometric Studies of
Labor: Labor Substitution and Their Implications for Policy," Journal
of Human Resources (Fall 1979):519-542.
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Hamermesh,® Wilson and Eckstein,^ Neftci,® Solow,^ and Bodkin^^ were
among them.
Labor Demand with Price of Capital: Studies include some measures
of price of capital (another factor of production) to the demand for
labor model in so far as it could be considered to be the main other
factor of production. The equation estimated was part of the complete
system of equations each of which yielded own and cross price elasticities.
Whenever capital can be considered to be the main other factor of produc¬
tion, these studies provide estimates of EL/EW/q, r which are own and cross
11 12
price elasticities. The studies by Waud and Solow, among others, are
included here.
®Ibid.
^T. Wilson and 0. Eckstein, "Short-run Productivity Behavior in
Manufacturing," Review of Economics and Statistics XLVI (February
1964):41-54.
Q
S. N. Neftci, "A Time Series Analysis of the Real Wages Employment
Relations," Journal of Economic Literature 8 (February 1978):1137-1177.
Q
"Ronald G. Bodkin, "Real Wages and Cyclic Variations in Employment:
A Reexamination of Evidence," Canadian Journal of Economics 2 (August
1969):353-374.
^^R. M. Solow, "Capital, Labor and Income in Manufacturing" in
Conference on Research in Income and Wealth," The Behavior of Income and
Shares (Studies in Income and Wealth) XXVII (Princeton, New Jersey:
Princeton University Press for the National Bureau of Economic Research,
1964).
N. Waud, "Man-hour Behavior in U. S. Manufacturing: A Neo¬
classical Interpretation," Journal of Political Economy 76 (January-
February 1968):402-427.
1 O
R. M. Solow, "Capital, Labor and Income in Manufacturing" in
Conference on Research in Income and Wealth," The Bahavior of Income and
Shares (Studies in Income and Wealth) XXVII (Princeton, New Jersey:




Hamermesh estimated a labor demand equation:
L = F(W. r, Q) (1)
where,
L = Employment demands;
W = Wage;
r = A composite of other factor prices; and
Q = output.
He assumed that output demand is a function of price [Q = Q (P)] and
that output price is a function of factor prices:
P = P(W, r) (2)
Substituting (2) in (1) and finding the first order condition by holding
0 and r constant, he obtained with respect to r EL/EW/r = EL/EW/Qr +
[EL/EQ/W, r] [EL/Ep] [Ep/Ew/r] (3)
"Where E is the elasticity operator, in effect the logarithmic deriva-
14
tive." With the help of these coefficients, Hamermesh was able to
classify all the studies of labor demand according to their typology or
number, or type of variables.
The interesting part of Hamermesh's paper is the summary of the
empirical literature on the demand for labor which made it possible to
achieve a typological classification. His second objective was to show
application of these estimates to policy analysis which incidently will
be very helpful in analyzing the results of this thesis.
1 O
Ronald 6. Hamermesh and Robert S. Smith, "Econometric Studies of
Labor: Labor Substitution and Their Implications for Policy," Journal
of Human Resources (Fall 1979):518-542.
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Wilson and Eckstein tried to link the empirical findings on changes
in productivity to the theory of the firm unlike earlier studies by
Hultgren,^^ Kuh^^ and others. This study, they said, is essential in the
analysis of unit labor cost. They derived demand for labor from the
short-run productivity theory which recognizes that unit plant-man-hour
requirements will not necessarily change when planned output exceeds
capacity, nor need unit man-hour requirement rise when actual output
exceeds planned output. They derived a labor demand model shown below
from which they estimated the demand for production man-hours, admini¬
strative man-hours and auxiliary labor by simply assuming that the
long-run labor requirements functions can be represented as a straight
line:
Ln M-t/Ct = Ln oio + at + (go + Bn) Q/Ct (y + y^) + Ln QP/Qt (4)
where,
Ct = Capacity output at time t;
= Man-hour requirement at time t;
qP = Planned output at the beginning of production period;
Qt = Actual output; and
a, 3, y = Parameters.
IB
T. Wilson and 0. Eckstein, "Short-run Productivity Behavior in
Manufacturing," Review of Economics and Statistics XLVI (February
1964):41-54.
^%hor Hultgren, Change in Labor Cost During Cycles in Production
Business, Occasional Paper No. 74 (New York: National Bureau of Economic
Research, 1960), pp. 1-85.
^^Edwin Kuh, "Cyclical and Secular Labor Productivity in U. S.
Manufacturing," Review of Economics and Statistics 47 (February 1965):1-12.
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The results of their estimation of the demand for production man¬
hours state that not only were the coefficents highly significant, the
independent variables were highly serially correlated, which means that
the resulting least square estimators are not efficient and that there
should be a failure of the usual statistical test of significance. They
did not try to get the problem solved, but merely mentioned that it existed.
On point stressed by Eckstein and Wilson is the importance of
production capacity as a variable. In the short term, if the industry
is not working at full capacity, labor usage may not drop off but in the
long run this may not apply since no industry can survive at low capacity
production. The cost of excess capacity will affect the profitability
of the industry and low profits will in turn lower the use of labor.
Clearly absent from their model above are the independent variables wages
and cost of capital. They observed that fitting production functions
directly to observed data yield results which are strongly influenced by
short-run conditions. This is particularly true if short-run quarterly
data are used, but this does not apply if long-run annual observed data
18
are used as will be demonstrated in this thesis. Irwin and Taubman
believed that the semiannual, and perhaps annual, data gave somewhat
better results than the quarterly models even though they entailed fore¬
casts of substantially long periods ahead. This is because of the
averaging out of erratic short-run changes in the data (including errors
.of observation).
^^Friend Irwin and Paul Taubman, "A Short-term Forecasting Model,"
Review of Economics and Statistics (1964):229-239.
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The specification used by Wilson and Eckstein has scanty explanatory
variables and therefore do not fairly give a full account of what causes
labor to shift.
19
Bodkin examined a possible relationship between real wages and
2
employment (or unemployment) of labor. Using the X test of equation
(5) to examine this relationship, he concluded that Keynes' General
Theory which states that real wages are inversely proportional to labor
is not true. This equation is expressed as follows:




WPI = Wholesale Price Index; and
U = Employment.
20
To Neftci, Bodkin's conclusion was puzzling. He (Neftci) said,
"It is not clear at the outset why such an observed correlation should
be puzzling in any way."
He pointed out that the problem is centered on how stable the
supply of labor is and also how sticky the nominal wage is. He explained
that if the "aggregate supply relation remains relatively more stable,"
this would then explain why employment and wages are positively correlated;
19
Ronald G. Bodkin, "Real Wages and Cyclic Variations of Employment:
A Reexamination of Evidence," Canadian Journal of Economics 2 (August
1969):353-374.
20
S. N. Neftci, "A Time.Series.Analysis of the Real Wages Employment
Relations," Journal of Economic Literature 8 (February 1978):1137-1177.
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and that if nominal wage is sticky, this would imply a negative correla¬
tion between real wage and employment. Bodkin gave an erroneous impression
by using a simple regression for his analysis in the presence of distri¬
buted lags.
In this particular situation, this paper shares the views (of Neftci)
that Bodkin's conclusions were erroneous. Hence, a multivariate model
and a multiple regression analysis have been used here for a better
result to be achieved.
21
Neftci examined labor utilization by making it a function of real
wage in an attempt to prove that in accordance with an acceptable theory
of demand for labor, wages vary inversely with the demand for labor. He
concluded that, "it has been shown that when appropriate distributed
lags are estimated the data suggest that employment and real wages are
22
negatively correlated." In other words, he found that there was an
economically significant dynamic interaction between real wage and
employment and that there was strong evidence for causality flowing from
real wage to employment than for causality in the reverse direction.
It is comfortable to accept his concept and flow of causality—that
real wage as the price for labor determines the direction of demand for
labor. It should be added that the labor cost is not the only exogeneous
variable which can perform this function as has already been discussed.







In his article, Solow proposed a new way of estimating the produc¬
tion functions of manufacturing industries. The procedure was designed
to yield estimates of elasticities of substitution, of technological
progress, and returns to scale. His was one of the studies on production
function which had greater emphasis attributed to capital as opposed to
labor as an input factor. However, in his attempt to deduce a production
function, he arrived at two models: a demand for labor specification (6)
and the other, a production function in (7) from which labor demand could
be analyzed. These equations are:
L(t) = 1/^ Ey (V) Kv (t) (6)
and
Q/L = 1/1+p log W + Log rp (1 - 5)'^ (7)
where,
L(T) = Labor usage over time t;
(}) = Rate of changes of wages;
Ey = Capital productivity;
V = Capital vintage;
K = Capital;
Q = Output quantity;
L^ = Labor over time;
W = Nominal wages; and
p = Output price.
po
R. M. Solow, "Capital, Labor and Income in Manufacturing" in
Conference on Research in Income and Wealth," The Behavior of Income and
Shares (Studies in Income and Wealth) XXVII (Princeton, New Jersey:
Princeton University Press for the National Bureau of Economic Research,
1964).
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rp (1 - 6) = cost of capital = constant = 0
Equation (6) expresses labor as a function of capital stock which means
that:
1. With constant, an increase in stock capital means an increase
in the labor demanded; and
2. If the rate of change of wages is increasing, the demand for
labor will decrease.
Equation (7) expresses output as a function of wage rate, and the labor
input alone and holding capital cost constant can simply be written as:
Q/L = W (8)
Solving for L,
L = Q/W (9)
he obtained the following results:
1. If W is constant, an increase in Q will increase L; and
2. If Q is constant, an increase in W will decrease L.
Even though the interpretation he gave to the analysis of equations
(6) and (7) were theoretically viable, they exhibited very weak explana¬
tory power since they exclude some variables which play a vital role in
demand for labor in industries whose motive is based on profit maximization
such as output prices in equation (6), and capital cost in equation (7).
These variables determine profitability and therefore, level of factor
utilization and their exclusion may cause some serious distortion of the
estimated results.
24
Scanlon and Holt are proponents of the neoclassical approach in
estimating the demand for labor. The costs of factor inputs and output
24w. J. Scanlon and C. C. Holt, Demand for Labor in Dynamic Theory
of the Firm, edited by Richard H. Day and Theodore Graves (New York:
Academic Press, 1974).
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prices were implicit variables they used in their analysis. Their study
suggests that these costs and prices were not very strong determinants
of labor requirements, but rather that adjustment in factory's work force
should be by hiring standards such as vacancy-employment ratio in the
labor market and vacancy decision rules, and not by the adjustment mechanism
of nominal wage rate. They used a Cobb-Douglas production function
expressed as:
G * So (qL)®'* (10)
to derive demand for labor model. By linearizing the production function,
they obtained a labor demand equation:
= e + + S^tj + e^Ljt (11)
where,
q = Rate of turnover made of employment/vacancy ratio;
e = Error term;
L = Labor use per period;
K = Capital used per period;
G = Production per period;
t = Time;
j = Overhead labor cost; and
^1’ ^2’ ^3 ^4 ” Pa'f'anieters.
The estimates of work force showed that the personnel department can
actually determine the work force at any point in time by controlling
vacancies and layoffs.
Adjusting labor usage due to changes in capital input, overhead
labor cost and output may be good for short-run estimation of the demand
-18-
for labor. However, in the long-run, the output prices and production
workers' remuneration will have a greater impact in determining the labor
utilization requirement. Furthermore, their specification and analysis
method involving distributed lagged variable were econometrically very
complicated. A similar, but comprehensive approach as used in this thesis
would have been preferred because a lagged model "may contain an infinite
number of coefficients and no finite sample will provide an adequate
25
degree of freedom." Even when a finite distributed lag is assumed
because a small number of right hand variables are used, problems still
arise as the choice of cut-off is arbitrary and when using time series
data over a given period, each lag included implies a loss of a data
point. However, even though this problem can be remedied, the annual
data used in this thesis obviates it.
26
From the Cobb-Douglas production function, Waud derived a labor
demand function which expressed labor as a function of wages W, cost of
capital K, and the gross national product (GNP) as output Y in equation
(12).
Ln L = A - (1-62)/1-Bi Ln W1 -62/l-Bi Lnk + LnY/l-gj (12)
where,
A = Some constants; and
gj and 62 “ coefficients.
pc
M. D. Intriligator, Econometric Model, Techniques and Applications
(Englewood Cliff, New Jersey! Prentice-Hall, Inc., 1978).
pc
R. N. Waud, "Man-hour Behavior in U. S. Manufacturing: A Neo¬
classical Intrepretation," Journal of Political Economy 76 (January-
February 1968):402-427.
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With the above model, it could be deduced that elasticities of L, with
respect to W1, have negative signs and therefore a one percentage increase
in W1 will have the effect of reducing labor usage while an increase in Y
will increase labor usage. The conclusion from his study included the
following results: an increase (decrease) in the hourly cost of labor in
the industry will result in a reduction (an increase) in the employment
of production worker hours; and an increase (decrease) in capital cost
will result in an increase (decrease) in the employment of production
worker hours. Man-hours were sensitive to changes in capital cost.
While these results were proven for most industries, W1 was not
statistically significant for the rubber and plastic products industry
as shown in Table 1 for the period between 1954 and 1964.
TABLE 1
LEAST SQUARES ESTIMATES - DEMAND FOR LABOR IN THE












Ln W1 -1.334 0.748 0.861 1.737
Ln K 0.675 0.228
Ln Y 1.400 0.221
Source: R. N. Waud, "Man-hour Behavior in U. S. Manufacturing: A Neo¬
classical Interpretation," Journal of Political Economy 76
(January-February 1968):407-427.
-20-
One of the major differences between this paper and previous ones
on the estimation of labor demand can be found in the methodology. Many
theoretical and empirical studies have been conducted in specifying the
determinants of demand for labor farm and nonfarm industries. Most of
these studies usually examined the demand for labor in the industries
27
using one labor demand model for all industries. For example, Waud used
one equation to estimate labor demand elasticities in seventeen two-digit
SIC industries. Evidence of this method can be found in over simplifi¬
cations and over generalizations of the model specified. This should not
be the case because it is only logical enough to think that there should
be slight variations in the demand for labor model for each industry based
on its peculiar characteristics. For example, apart from capital and
labor being primary inputs in most industries, in the rubber and plastic
products industry petroleum is also an important input factor. The
fluctuations of petroleum prices have been known to affect the prices of
rubber and plastic products which inevitably affect the demand for the
28
industry's output and invariably the labor usage. The estimation of
labor demand in this industry, an essential input was not considered by
Waud.^^
It is for this purpose that this paper takes one step further to
examine a long-run demand for a two-digit SIC industry, with special
27r. n. Waud, "Man-hour Behavior in U. S. Manufacturing: A Neo¬
classical Interpretation," Journal of Political Economy 76 (January-
February 1968):402-427.
28
U. S. Department of Commerce, U. S. Industrial Outlook, 1984.
29
R. N. Waud, "Man-hour Behavior in U. S. Manufacturing: A Neo¬
classical Interpretation," Journal of Political Economy 76 (January-
February 1968):407-427.
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attention paid to its peculiarities. It is by so doing that any results
or conclusions arrived at about this industry may be truly descriptive




The demand for labor is a derived demand which depends on the level
of demand for the industry's output represented by the industry’s
production function. The estimated result is expected to yield own
price elasticity of labor, the cross price elasticities of labor with
respect to capital and petroleum inputs respectively and coefficients
with respect to imported rubber and plastic products. In deriving the
demand model, the following six assumptions have been helpful.
Firstly, the industry primarily employs three homogeneous factors
of production: labor, capital and petroleum in the production of rubber
and plastic products. A three-factor production function which indicates
how various amount of labor L, capital (K) and petroleum (R) can be mixed
to produce output Q. This production can simply be expressed as:
Q = f (L, K. R)^° (13)
Secondly, it is assumed that the industry's objective is to maximize
its net profit (tt) which is the difference between the revenue from
sales of products over the cost of production. The objective profit
function is thereby expressed as:
TT = PQ - WL - rR - q6K - pqK (14)
M. Henderson and R. E. Quandt, Microeconomic Theory: A Mathe¬





P = Price of rubber and plastic products;
Q = Quantity of output;
W = Total unit cost of labor;
r = Price of petroleum;
R = Quantity of petroleum input;
L = Number of production workers;
q = Price of capital goods;
6 = Rate of replacement of capital goods;
K = Quantity of capital goods; and
p = Interest rate;
31
Capital goods are always undergoing wear and tear as a result of usage
and therefore need replacement. "The term qk is assumed to be the
replacement cost while pqK is the cost of investing some amount of cash
qK in capital stock, and -q(6 + p) is therefore the unit cost of capital
goods.
Thirdly, it is assumed that the profit function and the labor demand
function are formulated within the Cobb-Douglas production function
framework expressed as:
Q = AK® r'^ (15)
where , , and c are parameters of the marginal productivities with
labor, capital and petroleum K^, L^, R^ representing the flow of services
31
R. N. Waud, "Man-hour Behavior in U. S. Manufacturing: A Neo¬
classical Interpretation," Journal of Political Economy 76 (January-
December 1968):407-427.
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from the inputs. Substituting (15) into (14), the first partial
derivatives are:
bQ/L = W/P (16)
c Q/R = r/P (17)
a Q/K = q(6 + p)/P (18)
Solving for W in terms of Q, by substituting (15) for Q in (16) we have
P bAKa L^RVL = W (19)
For the marginal rate of technical substitution between L and K,
dividing equation (18) by equation (16) and solving for K, we have:
L/bQ b . aQ/K = P/W • q(6 + p)/P (20)
therefore,
K = a/b W/q(6 + p) L
For the marginal rate of technical substitution between L and R, divide
equation (17) by (16) and solve for R.
cQ/R / bQ/L = r/P / W/P = cQ/R L/bQ = r/P P/W (21)
R = c/b . W/r
Substituting (20) and (21) in equation (19) yields
PbA [a/b W/q(6 + p) L®] Lb [c/b W/rl'^/L = W (22)
Fourthly, assuming that the industry's demand schedule is represented
by:
P = yo^l 1^2 (23)
where.
-25-
Yi Y2 ■ Demand elasticity
I = Imported rubber and plastic products as variables on the
demand schedule.
Equation (23) shows the price of output as a function of quantity output
and imported products. Now by substituting (23) into (22) gives:
BW^2 + ^3-1 r '^3 [q(6 + p)] ’^2 1^2 = (24)
where
B = byo [A (a/b)^ (c/b)'^ ](y + 1)
Sj = (yi + 1) (a + b + c)
^2 = (yi + 1) a
B3 = (yi + 1) c
For a multiplicative equation (24) to be reduced to a linear model
form, it must be transferred to a natural logarithmic function as shown
in equation (25).
InL = Ing/l-Bi + 32+63-1/I-61 InW - B3/I-BJ In r
-B2/1-S]^ In q('5 + p) + y2/l-ej In I (25)
Fifthly, equation (25) is derived from the assumption that the industry
is a monopolist and comprises of one firm. This type of reduced form
33
equation was first developed by Gould.
Finally, it is assumed that the supply of labor is perfectly elastic
(see Figure 3). When the supply of factors is perfectly elastic, shifts
33j. p. Gould, "Adjustment Costs in the Theory of Investment of the
Firm," (Report 6630) Center for Math Studies in Business and Economics,
Department of Economics and Graduate School of Business, University of
Chicago, 1966.
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in demand do not affect the equilibrium rate of unit labor cost or compen¬
sation and can be generally ignored in estimating the demand function.The
reason for this assumption is that a two-digit SIC industry "comprise rela-
tive small share of total demand for factor services" in factor market.
A study of this type is always faced with the problem of obtaining a
suitable demand model to be estimated. The fact is that the production
functions from which labor demand is derived do not involve all the
explanatory variables affecting the output level of an industry (labor
being recognized as an input for achieving the desired output in the
industry). For example, in a real world situation, the quantity of out¬
put an industry produces may well depend not only on factors of production
(capital, labor and raw materials) used in actual production, but also
on the state of the economy, as well as the demand for other goods and
services, the size of imported rubber and plastic products and so on.
So the list of factors affecting demand for labor may be "endless."
However, the production function used in deriving the demand model in
equation (25) is the representation of a compromise between "reality and
manageability," and the derived model is the simplest representation
of some economic relationships which would have been otherwise very
difficult to express and explain.
34c. F. Christ, Econometric Models and Methods (New York: John Wiley
and Sons, 1967).
35
R. N. Waud, "Man-hour Behavior in U. S. Manufacturing: A Neo¬
classical Interpretation," Journal of Political Economy 76 (January-
February 1968):407-427.
M. D. Intriligator. Econometric Models. Techniques and Applications
(Englewood Cliffs, New Jersey: Prentice-Hall, Inc., 1978).
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The Hypotheses
From the foregoing equation (25) the demand for man-hours (labor
input) L is a function of W, r, q (5 + p) and I respectively. The
following hypotheses briefly summarized will be tested in order to
examine which of the variables were responsible for changes and shifts
in man-hour utilization in the industry.
1. Labor usage will decrease, ceteris paribus, as price of labor
increases. This is the inverse relationship between labor
demand and the price of acquiring its services.
2. An increase in one input price, in this case capital and
petroleum, will increase tfie usage of the other inputs if
close substitutes.
3. An increase in importation of rubber and plastic products into
the U. S. will cause a decrease in the amount of labor being
used in the industry.
One of the properties exhibited by this model is that labor usage
will increase as the unit price of labor W decreases and vice versa.
It follows therefore, that the rate of change of labor to changes in its
price are inversely related. However, the aim here is to obtain an
estimate of the elasticity of L with respect to W. Whether the demand
for labor is elastic or inelastic depends on the size and sign of the
estimated coefficients. The test of this hypothesis in fact depends on
the results of the regression. In Figure 2, as labor prices rise from
Wj to W2, the usage will shrink from Lj to L2 and vice versa.
Another property of the model is that in the long-run, an increase
in one input price will reduce the usage of the other input(s) suggesting
that petroleum, capital and labor are complementary. However, if the
factors are substitutes, the increase in one input price will increase
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the usage of the other input(s). Once again, much depends on the
resulting coefficients of the regression.
CHAPTER IV
ESTIMATION OF THE MODEL
The coefficients to be estimated in the model are contained in
equation (25) in this stochastic logarithmic form:
In L = ei + 02 Ln W - 63 Ln r + Ln qU + p) + 65 Inl + 9gt (26)
The coefficients are 9^, 92* 63* 64* 65 and 9g.
where,
9j^ = Lng/1 0g = Coefficient
02 = 32 33 - 1/1- Bi
33 ■ ^1
94 = 33/1 ■ 3i
®5 ^
According to the demand hypotheses, labor usage is a log-linear function
of the prices of labor, petroleum, capital and imports of rubber and
plastic products, and costs of labor and capital. These prices are
assumed to be exogeneous and independent of the movements of L (the
endogeneous or dependent variable), rather they determine which direction
L will go. In other words, it can be said that the direction of
causality moves from these variables to L. The coefficients above
measure the magnitude of the effects of changes in W, r, [q(6 + p)] and
I respectively on L.
In an earlier paragraph, it was observed that a model is just an
assumed representation of the relationship between economic factors.
-29-
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This implies that in most cases, not all variables which will offer some
explanation between a given relationship are included in specifying the
model. In order to measure the effect of such condition, an error term
may be introduced in equation (25). This may be an actual error in the
measurement of each variable or in the specification of the model itself.
37
Scanlon and Holt recognized two components of labor cost as different
independent variables in their estimation of demand for labor. The
first being the wage bill—a direct payment to production workers and
the second is an indirect cost arising from slack output, backlog of
unfilled orders, cost of firing workers, recruitment and training costs.
38Nerlove used the price of raw materials in the estimation of demand
for labor. There seems to be no barrier to whatever measurement and
combination of variables people may use to explain the same economic
phenomenon. However, this study shares the view that all variables
other than the prices of labor, capital, raw material and imports from
parts of the error term which is not measurable but its overall effect
is estimatable.
Sources and Measurement of Data
Output may rise without an immediate upward movement in employment
of workers because existing work force may be motivated to work more
hours. For this reason, total production man-hours, rather than total
37
W. J. Scanlon and C. C. Holt, Demand for labor in Dynamic Theory
of the Firm, edited by Richard H. Day and Theodore Graves.(New York:
Academic Press, 1974).
38
Marc Nerlove, On Estimation and Identification of Cobb-Douglas
Functions (Amsterdam: North-Holi and Publishing Company, 1965).
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number of workers are used for L. "This total consists of all plant man¬
hours of production and related workers. It represents all man-hours worked
39
or paid for at the plant including actual overtime hours." It excludes
hours paid for vacations, holidays, or sick leave, when the employee was
not at the plant. Where employers elected to work during the vacation
period, only actual hours worked by such employers were included. Produc¬
tion workers include those (up through the working foreman level) engaged
in fabricating, processing, assembling, inspecting, receiving, storing,
handling, maintenance, repair, janitorial, watchman services, production
development, auxiliary production for plants own use (e.g., power plant),
record keeping and other services closely associated with these production
operations at the industry. Supervisory employees above the rank of a
foreman are excluded from this category.
The production worker-man-hours total provide a comprehensive
measure of labor input taking into account both the number of production
workers and the actual hours they worked.
Price of Labor
The labor compensation is defined as the total hourly cost per
production man-hour. To obtain the hourly cost of one production man¬
hour, the method used by Waud (1968) was adopted. The annual payroll
aggregate was derived by the annual man-hour aggregates. It will be
noted that payroll aggregates contain fringe benefits; payments such as
holiday, sick leaves and vacation, bonuses and unused vacations, payments
39
Bureau of the Census, U. S. Department of Commerce, Census of
Manufacturers and Annual Survey of Manufacturers, various issues.
-32-
on profit sharing and special stock purchase plans which are subject to
40
withholding taxes. Also of interest is that the payroll aggregate
consists of gross earnings paid in a calendar year to workers prior to
deductions such as employee's social security contributions, withholding
taxes, group insurance and so on.
Capital and Price of Capital
The cost of capital is expressed as q(5 + p), where q = the manufac
turer's wholesale price index which was taken as proxy for the price of
capital goods K; where,
6 = The rate of replacement of capital goods and was assumed to
be twenty percent which is double the value estimated and
used by Jorgensen (1963);41 and
42
p = Was taken as the Woody s Aaa capital bond rate.
The popular method of using capital depreciation as proxy for the
cost of capital does not seem logical because recently the accelerated
depreciation allowed to industries for tax purposes has rendered the use
of depreciation values for actual capital goods consumed unrealistic.
The above measurement of cost of capital was adopted from Waud's
43
article. Whichever method for measuring capital and cost of capital
depends on the user since the superiority of one method to the other can
41
U. S. Internal Revenue Service, Annual Report of the Commissioner
(Washington, D. C.: U. S. Government Printing Office, 1983).
S. Department of commerce. Bureau of Economic Analysis, Business
Statistics: A Supplement of the Survey of Current Business, 1979 and 1982.
^^R. N. Waud, "Man-hour Behavior in U. S. Manufacturing: A Neo¬
classical Interpretation," Journal of Political Economy 76 (January-
February 1968):407-427.
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not be readily established. Intriligator sutmiarized the situation thus:
"It is virtually impossible to find data adequately representing capital
stock.
Technological Change, t
It is generally believed that there are technological changes or
improvements in the production input factors. This means that over time,
productivity as well as output increase due to new technological inventions
or innovations in plant and equipment, improved learning on the job by
workers, increased education and knowledge, and better management and
organization of available factors of production. There are two main
types of technological changes. These are embodied and disembodied
changes. Embodied technical change occurs when there is augmentation in
the effectiveness of factor inputs due to various technical improvements
inbuilt in them. Disembodied technical change occurs when improvements
in productivity result not from technical innovations in the inputs, but
from better management and organizational skill—when labor acquires more
creative skill in using existing resources. Both technical changes may
occur without necessarily any increase in the input factors.
The disembodied technical change is being used in this analysis
because over time, this change is capable of influencing the demand for
labor both in quantity and productivity. The estimating of the rate of
D. Intriligator, Econometric Models, Techniques and Applications
(Englewood Cliffs, New Jersey! Prentice-Hall, Inc., 1978).
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change t examines this influence. Brechling^^ and Walters^® used and
suggested time trend as a measure of disembodied technical change. It is
expected that over time, L and t will be inversely related, which means
that technological improvement will reduce the labor time used, especially
of the unskilled labor with the skilled labor only being retained for
specialized jobs.
Data for the imported rubber and plastic products were extracted from
the Statistical Abstract of the United States and those of price of
petroleum used in the industry was also obtained from the Statistical
47
Abstract of the United States.
Estimation Results
Table 2 shows the estimated regression coefficients of equation (25)
which expresses the demand for labor function as follows:






Here the figures in parentheses are the standard errors of the coefficients.
45
A. A. Walters, "Production and Cost Functions: An Econometric
Survey," Economica 31 (January-April 1963):l-66.
46
F. P. R. Brechling, "The Relationship between Output and Employment
in British Manufacturing Industries," Review of Economic Studies 32 (1965):
187-216.
S. Department of Commerce, Statistical Abstract of the United




LEAST SQUARES ESTIMATES - DEMAND FOR LABOR IN THE RUBBER
AND PLASTIC PRODUCTS INDUSTRY 1967-1983
Cross Technoloq-
Own Price Price Elasticity ical Co- Standard
R^
Durbin/
Variable Elasticity Elasticity Import efficient Error Watson
Ln W -0.017 0.007 0.990 1.924
Ln r -0.056 0.022
Ln q(6 + p) 0.050 0.045







Source: Results from the regression analysis.
Testing the Hypotheses
The signs of the estimated equation are as expected in the hypotheses
enumerated earlier and seem to confirm the adequacy of the model in
estimating long-term demand for labor; for example, it is apparent that
labor has a negative own price elasticity of demand. It will be noted
that all the hypotheses listed in Chapter III are accepted at five percent
level of significance. The technological change, and the price of capital
do not have any signficant effect on the demand for labor. The result,
however, confirms that labor is a function of prices of the labor.
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petroleum inputs, and the import of rubber and plastic products, and have
causal effect on labor demand as they change exogenously.
A one percent increase in W will result to .017 percent drop in labor
usage. The same percentage increase in the price of petroleum will send
.056 percent of the work force to the unemployment office. As the price
of petroleum goes up, less money is available for the payment of wage.
Alternatively, high cost of production due to such increases is
usually passed on to the consumer in the form of high prices, thereby
making imported ones cheaper. If there is no demand for rubber and
plastic products made in America, invariably profitability will fall.
However, since 1979 the price of petroleum has more or less been stable,
if not low, because of the global oil glut. Contrary to expectations
though, the highly significant coefficient of importation of rubber and
plastic products shows that a one percent increase in the importation of




The demand for labor Is the responsiveness of this demand to changes
in the factor prices and others. The degree of this response is in the
form of elasticities. For most policy issues and their evaluation; these
elasticities are of critical importance. These elasticities are the own-
price elasticity, cross-price elasticity and elasticities with respect
to shift variables.
Clark and Freeman (1977) and Hamermesh (1976) have recently
expressed concern over employment of labor in the U. S. manufacturing
industry tending to have relatively low elasticities in response to change
in factor prices of at most .15 in time series studies. This is true with
the low elasticities obtained in this paper.
Generally, the model in equation (25) produced sensible parameter
estimates and exhibited sufficient stability for an analysis of long-term
data. However, the use of the outcome of this study for prediction
purposes depends on how far, if at all, the industry can influence the
U. S. import restriction policies because these policies are far beyond
their control.
48
Kim Clark and Freeman Richard, Time Series Models of the Demand for
Labor in Manufacturing," Harvard Institute of Economic Research, Discussion
Paper 575.
49
D. S. Hamermesh, "Econometric Studies of Labor Demand and Their
Applications to Policy Analysis," The Journal of Human Resources Vol. 11,
No. 4 (Fall 1976):507-525.
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The responsiveness of the industry to changes in labor cost, capital
cost, raw material cost and the shift variable depends on the elasticity
of demand for labor. The cross price elasticity of man-hour usage relates
to the proportionate change of the other input (in this case raw material,
capital not significant for this purpose). Moreover, the absolute values
of the elasticities are less than one, indicating a fairly inelastic
response to the demand for labor factor prices.
Own Price Elasticity and the Labor Demand Policy
This elasticity measures the rate of change of labor usage in response
to the change in overall price of labor. From the estimates in this
analysis a .017 percent change in labor as a result of a one percent
change in labor cost does not seem substantial to suggest the presence
of high cost of labor. However, in case of rising labor cost, the
industry's policy decision may be to take advantage of employment tax
credits or wage subsidies. By reducing the price the employer pays for
labor, it tends to stimulate employment, without which of course, the
alternative will be to retrench workers.
Cross-Price Elasticity
The industry employed labor, capital and material inputs. The demand
for any one of them can be affected by the price changes of the other.
However, the result of the regression shows that the cost of capital is
of course not statisti-cally significant in the determination of labor
demand. If the price of petroleum is rising, less working capital will
be available to pay labor price. Ultimately, labor usage may fall due
-39-
to cutback in production to match the increasing cost constraint. This
may well be an important policy decision for the industry.
While many studies have been conducted in the demand for labor in
farm or nonfarm industries, most of them are full of over generalization
instead of emphasizing the pecularities of the industry whose labor usage
characteristics are being examined. This particularization is what this
study has attempted to achieve for the rubber and plastic products industry.
While the variables used in this analysis are not all inclusive, those
in the model are just a fair representation. Further research is necessary
in examining different scenarios involving labor demand with the effect
of variables like prices of imported pararubber, supply of labor in the
economy, export of rubber and plastic products and GNP which represent the
general economic condition in the United States.
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